In the present study, we studied the distribution of the microsporidian pathogen in terms of health conditions in the mass-rearing laboratories in Turkey over four years.
Materials and methods

Insect samples
During a period of four years (from 2015 to 2018), 7420 adults and 80 larvae of C. sycophanta were randomly sampled from sixteen C. sycophanta mass-rearing laboratories from ten provinces in five different regions of Turkey (Table 1) . In order to compare the infection rate in both sexes, a total of 2333 C. sycophanta adults were distinguished as either male (963) or female (1370).
Microscopic examination
Collected adults and larvae of C. sycopha were brought to the laboratory as soon as possible. After macroscopic examination, they were dissected in Ringer's solution and wet smears were prepared. Host fat body, Malpighian tubules, gut epithelium, and hemolymph were examined for the presence of spores of the microsporidium pathogen under a light microscope at 400-1000× magnification. When infection was found, the slides were air-dried and fixed with methanol, then stained with freshly prepared 5% solution of Giemsa stain and re-examined under the microscope. Giemsa stain was used to differentiate the microsporidian pathogen from other artifacts and resistant stages of other organisms, such as fungi (Yaman and Radek, 2003) .
Results
Microsporidiosis was observed in all mass-rearing laboratories ( Figure 1 ). Four hundred and forty-one of the examined C. sycophanta adults (7420) were infected by the microsporidian pathogen. Total infection rate was 5.94%. Furthermore, the infection rate was considerably higher in İzmir (26.3%), Antalya (31.1%), Balıkesir (30.2%), and Mersin province (35.2%).
Reported microsporidiosis rates of the examined beetles were noticeably different between localities and years. In 2015, 955 beetles were examined, 19 of them were infected by the microsporidial pathogen and the infection rate was 2%. In 2016, among 2206 beetles that were examined, 85 were infected and the infection rate was 3.85% ( Figure 2 ). Moreover, in 2017, 2842 beetles were examined, 162 of them were infected, and the infection rate was 5.7%; on the other hand, in 2018, 1417 beetles were examined, 175 of them were infected, and the infection rate was 5.94% ( Figure 2 ).
However, the infection rate obtained in 2018 was higher than those obtained in 2015, 2016, and 2017. Thus, a regular increase in the infection rate was observed year by year. Noticeable differences were also observed among samples collected from laboratories in the same province. Furthermore, the infection rate of the samples from the same laboratory in different years was significantly dissimilar (Table 2 ). In Balıkesir province, the microsporidiosis rates were 6.97%, 4.77%, and 23.5% in 2015, 2016, and 2017, respectively. Despite the infection rate decrease in 2016, it During the study, the infection levels in male and female beetles were also compared. In total, 24 out of 963 male individuals and 41 out of 1370 female individuals were infected by the microsporidium pathogen. Infection levels were 2.49% in males and 2.99% in females (Table 3) . There was no significant difference (Pearson x², P > 0.05) in infection levels between male and female beetles, which showed that the microsporidiosis does not favor either of the sexes.
Discussion
The first case of microsporidiosis in the predatory beetle C. sycophanta was reported by Yaman et al. (2016) . In that study, a microsporidium from C. sycophanta was recorded for the first time and the pathogen was identified by using light and TEM microscopies; no data on distribution was reported. In the present study, the distribution of microsporidian pathogen in C. sycophanta populations from sixteen mass-rearing laboratories from ten provinces in five different regions of Turkey during four years (Table  1) is presented for the first time. There is a lack of data on the distribution of microsporidian in C. sycophanta populations. Some symptoms, such as reduced food consumption, prolonged larval and pupal development, deformed pupae and adults, reduced fecundity and longevity, can be observed in microsporidian-infected beneficial insects (Brooks and Cranford, 1972; Siegel et al., 1986; Zchori-Fein et al., 1992; Geden et al., 1995; Bjørson and Keddie, 1999; Idris et al., 2001; Steele and Bjørson, 2012) . Due to the fact that host insects are more susceptible to microsporidia under stress, more noticeable effects are seen in mass rearing laboratories (Kluge and Caldwell, 1992) . The effectiveness of predators depends on their health, besides many other factors such as biotic and abiotic factors and intrinsic factors (Yaman et al., 2012) . We demonstrated that microsporidiosis varied in populations of C. sycophanta from different districts of Turkey in different years. Our results indicated that there were variations in microsporidiosis rates year by year, and that the infection ratio increased from 2015 to 2018. The total infection rates in 2015, 2016, and 2017 were clearly lower than that of 2018 ( Figure 2) . Noticeable differences were observed among the samples collected from laboratories in the same province and also from the same laboratory but in different years (Table 1 ; see, for example, three C. sycophanta mass-rearing laboratories in İzmir province, Bergama, Selçuk, and Urla). In 2017, the microsporidium infection rate was different in all three laboratories in İzmir; the infection rate was 5.11% in Bergama, 0.54% in Selçuk, and 6.8% in Urla. In total, no microsporidium infection was observed in 80 examined larvae of C. sycophanta. In Balıkesir province, the microsporidium infection rate was 6.97% in 2015, 4.77% in 2016, and 23.5% in 2017. Despite infection rate decrease in 2016, it increased in 2017. In addition, in Mersin province, the infection rate was 35.7% in 2017. One of the most important results of this study is that high infection rates were found in the Antalya province during the four years: 20% in 2015, 23.3% in 2016, 16.2% in 2017, and 31.1% in 2018. Other laboratories were provided with parent individuals of C. sycophanta from Antalya province. Therefore, parent individuals in Antalya province have an important role due to the risk of spreading the pathogen infection. Infected female hosts transmit many microsporidian species to their offspring by transovarial transmission via eggs or embryos. Thus, the existence of microsporidian pathogens in host population may increase significantly (Dunn et al., 2001) . In this study, the infection rates of the examined C. sycophanta male and female individuals showed a variation between 2016 and 2017. In total, microsporidium infections were observed in 24 of 963 male beetles and the infection rate was 2.49%. On the other hand, that microsporidium infections were observed in 41 of 1370 female beetles and the infection rate was 2.99%. According to the results, due to the fact that the number of microsporidian-infected females is higher than males, the host population is at risk in mass-rearing laboratories. Therefore, the infected individuals must be eliminated before outbreaks. In addition, we suggest that the adults of C. sycophanta selected as parents to produce a new generation in mass-rearing laboratories should be tested for microsporidiosis; adults for mating should be selected from noninfected populations.
